This study aimed to evaluate the Tien River's water quality by using Water Quality Index (WQI) and statistical techniques. Water samples were collected from six monitoring stations along Tien River. At each station, samples were taken in dry season and wet season during three years (2014)(2015)(2016). Physicochemical parameters of surface water samples including pH, DO, COD, BOD, total coliforms, TSS, NH 4 + -N, and PO 4 3-were analyzed to evaluate the water quality. The results illustrated that surface water of the river was gradually polluted from year to year. In addition, the water quality insignificantly varied between monitoring sites. Furthermore, the seasonal feature was not a principal factor to impact water quality during the years. The concentrations of most elements in the studied water samples were much higher than the permissible levels for river water. This integrated technique has been pointed out to be an effective approach to set up a correlation between water quality and the sustainable wastewater management in the Tien river basin.
INTRODUCTION
Anthropogenic activities and natural processes have made more and more negative effects to the water resource, in which human impacts have been become major reason of surface water pollution [1] . Water quality of a specific area can be monitored by evaluating using physical, chemical and biological parameters. The values of these parameters will be considered harmful to human health if they overcome the allowed limits [2] . Therefore, Water Quality Index (WQI) has become one of the most effective ways to describe the quality of water. WQI utilizes the water quality data to improve the existing policies as well as to come up with suitable solutions to effectively manage and utilize river water resources [3, 4] . The mentioned statistical techniques have been proved to be useful to verify temporal and spatial variations caused by natural and anthropogenic factors linking to the seasonality. Additionally, One-way Analysis of Variance (ANOVA) was used to consider the significance of the mean differences among groups of monitoring sites and seasonal factors. Spearman correlation analysis (SCA) was used to assess the relationships among dependent and independent variables (physicochemical parameters and WQI) [2, 3, 5, 6] .
In Vietnam, the standard QCVN 08-MT: 2015/BTNMT is currently being used as the national technical regulation on surface water quality [7] . In addition, Vietnamese Ministry of Natural Resources and Environment (MONRE) promulgated the WQI method, issued in the Decision No. 879/QD-TCMT, to create a benchmark of the surface water quality for the protection and management of water resources [7] . This WQI method was developed by the combination of weighted arithmetic WQI with river status index (RSI) to suit the conditions in Vietnam [7] . Namely, nine Physicochemical parameters, including DO, BOD 5 , COD, NH 4 + -N, PO 4 3--P; TSS, pH, temperature and total coliforms, were selected to calculate WQI. In the WQI, number ranges from 0 to 100, corresponding to different bands of colors, signifies better water quality when it is higher [2, 5, 7] .
Tien Giang Province is located to the North of the Mekong Delta with an area of roundly 2,482 km 2 , along the North of the Tien River. Nowadays, Tien Giang has become an industrial province with a lot of industrial zones, industrial clusters such as My Tho IP, Tan Huong IP, Long Giang IP, Xoai Rap. Therefore, the surface water quality along Tien River has been predicted to be worse because of those activities. In order to determine the current status and the trend of surface water quality in Tien Giang Province, it is necessary to analyze water samples from monitoring stations and evaluate by significant tools. In this paper, Water Quality Index (WQI) and statistical techniques such as One-way Analysis of Variance and Spearman correlation analysis (SCA) was applied to evaluate the Tien River's water quality in the duration of the year 2014 to 2016 [2, 5, 6, 8] .
MATERIALS AND METHODS

Study Area and Sampling
Totally 72 samples were collected from six monitoring stations (NM1; NM2; NM3; NM4; NM5; NM6) along Tien River which under the management of Centre for Monitoring Natural Resources and Environment, Department of Natural Resources and Environment (DONRE) of Tien Giang Province. At each station, samples were taken in dry season and wet season during three years: 2014, 2015, 2016. After collection, physicochemical parameters such as pH, DO, COD, BOD, total coliforms, TSS, NH 4 + -N, and PO 4 3-were analyzed by following the procedure of APHA, 1999 [9] .
Water Quality Index (WQI) calculation
Based on the instruction from Decision No. 879/QD-TCMT, the WQI value of above parameters was calculated by following equation [3] :
where, WQI a (denotation the sub-index values for the 'organics') was calculated through six parameters: DO, BOD 5 , COD, NH 4 + -N, and PO 4 3--P; WQI b (representation of the sub-index values for the 'particulates') was calculated with TSS parameter and turbidity; WQI c was calculated with total coliform parameter; WQI pH was calculated with pH parameter and temperature. For WQI method, the ratings of water quality have been categorized by using the classification in Table 1 [2, 5, 6, 8] .
The result of WQI calculation from samples was compared to the standard values of WQI indicated in Decision No. 879/QD-TCMT for evaluating the quality level of samples. [2, 5, 7, 8] . Table 1 . Surface water quality classification based on WQI.
Statistical analysis and ArcGIS
Statistical analysis of the box-and-whisker plot was used to compare seasonal changes in water quality of the Tien river basin. One-way Analysis of Variance (ANOVA; alpha = 0.05) was used to examine the significance of the mean differences of WQI among monitoring stations and seasons [2] . Spearman correlation analysis (SCA) was used to assess the relationships among the WQI and physicochemical parameters including TSS, COD, BOD, NH 4 + -N, PO 4 3--P, TSS, pH, coliform) [2, 5] . All statistical processes were performed using SPSS 22.0 software package for Windows. In addition, ArcGIS 10.0 was also used to describe and classify water quality [1, 4, 6, 10] . The summary of WQI values of the water samples from all the six monitoring stations for each season is illustrated in Table 2 and Table 3 . Overall, the results of WQI values in every station during the investigated period indicated that the quality of surface water was gradually polluted and varied moderately among seasons as well as locations except for at stations NM5 and NM6. It is demonstrated that the water quality in 2015 was worse than that of 2014, and the quality was improved in 2016 but it was not good as 2014 This proved WQI at site NM6 depends very much monitoring times, particularly in the dry season and site NM6 were also the most seasonal change, the second rank was at site NM5. In terms of the wet season, WQI of NM5 witnessed considerable variation in other monitoring times (WQImin = 16.75, WQImax = 100). WQI at site NM5D2 (16.75) witnessed enormous disparity compare to that of their stations. Hence, it' WQI value was out the Box-and-whisker plot. Likewise, WQI at site NM6D1 (19.97) was also out estimation. These distinctive values need to be considered and evaluated carefully to find the exact cause of the results. The results of Box-and-whisker plots show that, in terms of 2016, estimation of WQI was 70.29 (±11.92), 86.74(± 5.12) in the wet season and the dry season, respectively. In addition, the noticeably seasonal disparity of the WQI at monitoring sites was also recorded in 2016 (Fig. 1,  Table 3 ). In contrast, in terms of 2014 and 2015, WQI value at monitoring sites fluctuated slightly according to the season, with estimation as 81.3 ± 13.47 in the dry season 2014 and 88.31 ± 4.34 in the wet season in the same time. Moreover, in 2015, estimation of the dry season, the wet season is 55.74 ± 15.36; 51.82 ± 15.48 respectively. Besides, Table 3 also shows that Standard Deviation according to the monitoring station (SD = 21.48) was larger than that according the season (SD = 13.3), which indicates the concentration of parameters at every location is more dispersed than season. It is illustrated that BOD, TSS were deciding parameters exhibiting the high influence in WQI calculation with their concentration in rainy season was higher than that in dry season. The Tien River water samples experienced higher BOD and TSS concentrations, thus signifying high organic pollution load lowest WQI values were recorded during the wet season with values ranging from a low of 13.24 at site NM3(2015) to a high of 100 at site NM5 (2014). The unsuitability of river water during monsoon season is mainly attributed by increased surface runoff from agricultural activities, expanding seafood processing, fishing ports and direct discharge from storm water drains along roads adjacent to the river; similar results were also observed by Sebastian and Yamakanamardi [10] in case of Cauvery River. The WQI analysis unveiled the fact that site NM5 and site NM6 were the two most polluted sites along the entire studied areas of the Tien River because position NM5 and NM6 near the sea. Particularly, having 6/12 samples that their WQI values <25, which showed the water quality at this year was seriously polluted (Table 3 ).
RESULTS AND DISCUSSION
WQI analysis
In 2014, the results indicate that water quality were very good with range WQI of 84.80 ± 9.47. This quality could reach the standard for water supply purposes for residents (Table 2 ). In terms of WQI, it is noted that the surface water quality of Tien River is ranked in the following order NM5>NM1>NM4>NM2>NM3>NM6. In 2015, Tien River witnessed a highly deteriorated water quality mainly contributed by climate changes as well as socio-economic pressure in the form of river bed encroachment and river water exploitation for various chores with estimation WQI like 53.78 ± 10.55, this result indicate that the water quality was not good. Especially, at three sites as NM1, NM5, NM6 surface water was contaminated significantly with WQI value <25 and water quality of Tien river is categorized according to NM4>NM2>NM3>NM5>NM1>NM6. In 2016, the water quality was enhanced considerably with WQI as 78.51 ±9.34, particularly, at sites NM2, NM3, NM6 (Table 6 ). However, WQI at sites NM1, NM5 are also quite low, did not meet to water supply purpose for the local residents. Therefore, authority needs efficient measures to tackle these issues. Water quality classification at locations as NM2>NM3>NM6>NM4>NM1>NM5. (Fig. 1, Fig. 2 ).
Spatial and temporal variations of monitoring sites (ANOVA)
The result of One-way ANOVA test shows that the mean of WQI in the dry season has been the statistically negligible difference compared to the rainy season (Lower = -6.4, Upper = 15.35) (Data is not shown). However, the results of Table 4 The test also indicates that, there was the statistically trivial difference in the mean of WQI among the monitoring sites (Sig. = 0.563, α = 0.05) ( Table 6 ). This was also evidenced that wastewater sources impacting water quality at monitoring sites were highly similar. In fact, at all sampling stations were affected the same by untreated wastewater from food processing industries, residents and this is also principal sources of pollution. Table 7 shows the correlation between WQI and physicochemical parameters. Overall patterns of Tien River, the Spearman correlative analysis (SCA) result shown that a significant and negative correlation was observed between WQI and TSS, COD, BOD, PO 4 3--, NO 3 -, Coliform concentrations, respectively, r = -0.88, -0.56, -0.61, -0.45, -0.36, -0.35. Partially, there was a strongly negative correlation between WQI and TSS concentration. This was also evidenced that TSS concentration affect the most enormously to QWI value and BOD concentrations impact the second significantly to WQI value. As seen in Table 7, NH 4 + -N did not much correlate with WQI because this parameter was quite good quality and almost samples meet permissible level (National Technical regulation on surface water quality, QCVN 08MT: 2015/BTNMT). Hence, the effect of NH 4 + on WQI was not significant. 
Statistical correlations among physicochemical parameters and the WQI
CONCLUSIONS
The Water Quality Index (WQI) and multivariate statistical techniques (ANOVA) for the water quality assessment, the pollution sources identification, the pollution factors apportionment as well as an understanding of the spatial and temporal variations in water quality. The WQI in dictated that the water quality along the Tien River changed by reasons, positions and time course. Especially, water quality tended to get worse from 2014 to 2016. This may be attributed to anthropogenic activities such as industrial processes, aquaculture cultivation, agricultural practices and other natural factors such as climate change, tidal regime. It is suggested to update monitoring data for those stations in 2017 and following years to have a full conclusion about the changing trend of water quality in Tien River belongs to Tien Giang Province in order to make policies and plan for water source protection in this area.
